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51 INTRODUCTION

~ Inour day-to-day life. we come across many substances which have specific colours. in this unit, we shall
discuss what is colour ? How is it related to the constitution of the molecules ? What type of coloured substances
called dyes (natural or synthetic) are currently being used to colour various articles of our daily usc ”

10_2. COLOUR AND CONSTITUTION
3.2.1. Colour

When white light (400-750 nm) falls on 1 substance, threc processes may occur .

(D) If the light is totally reflected, the substance appears white.

(i) If the light is totally absorbed the substance appears black

(i) If a certain portion of the light is absorbed and the rest reflected, the substance has the colour of the
reflected light.
c If only a single band is absorbed, the substance has the complementary colour of the absorbed band.

Wavelength (nm) Colour absorbed Colour reflected
(Complementary coloor)

400435 Violet Yellow-green
435480 Blue Yellow
180490 Green-blue Orange
490-500 Blue-green Orange
500-560 Green Purple
560-580 Yellow-green Violet
580-595 Yellow Blue
595-605 Orange Green-blue
605-750 Red Blue-green

If 2 substance absorbs all visible light, except onc band which it reflects, the substance will have the
colour of the reflected band. For c.\'ar.nplc. it is evident from the above table that if a substance absorbs blue
colour, it will appear yellow which is the complementary colour of blue. /n fact, no substance absorbs a
single band and hence no dye has a pure shade. For cxamplcf mala‘chlte green predominantly reflects green
light but also to small extent, it also reflects red, blue and violet light,

It may. however, be noted that substances which appear to be colourless also have absorption spectra.
In such cases. absorption takes place in the infra-red or ultra-violet regions but not in the visible region of

the electromagnetic specirum.
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(1) As the number of conjugnated double bonds increases, the colour of diphenyls.tgts .CeHs
5-"?"“} H.CH=CHCH CH(CH= CH),C Hs

Pale yellow

C,H,(CH = CIN,CHe

Colouriess Colourtess
CHACH = CH,CH,  CHy(CH = CHICH
Yellow Orange

(N Ethvlene, 1, 3-butadiens and 1. 3. s_hexatriene are colourless, but f-carotene (the pigment present

n carrots) has orarge ned colour due to (he presence of eleven conjugated double bonds.

S S Y i N

B-Carvtene
erved that there are certamn grmups which themselves are not chromophaores
but decpen the colour when mtroduced into a coloured molecule. Such groups are called auxochromes. For
sample. OH. NH,. NHR. NR,. X (CL Bror 1), CO.H Even alkyl groups exert weak auxochrome effect.

Let us now examine the effect of auxochromes on the intensity of colour. Both naphthalene and

naphthol are colourless. 1. 3-dinitronaphthalene is pale yellow but 2. 4-dinitro-1-naphthol (the dye Martius
vellow) is orange red 1

Amochmmes. lliralso o

OH | Auxochrone Chromophore ol
OO 3
Napbthalene 1-Naphtho!
(Colimrless) (Colouriess)
NO;
1. 3-Dintronaphthalene 2.4-Dimtro-1-naphthol
(Pale vellow) (Marriues yellow, orange red dve)
Prad. )
@— ORGANIC CHEMISTRY VO
e

Cllrul:(ln:;‘li::cr::;s:?:z (?f nuxochm‘mc. ie O‘H group llfl‘ deepended the colour of 1, 3-dinitronaphthalene
ale yellow to orange red in Martius yellow,
-ll\'m(:[:;‘:-:::]l'\?r.lerms |\I|.ich are also commf)nlv uscd in connection with dyes are bathochromic and
b;m, . ic ).vrnups‘. Whereas hnrh,;C/"\"uul(' gmups n‘wflg about the decpening, hivpsochromic groups
g about the lighening of colour. 1n dyc industry, deepening of colour means colour changes from ycllow
= orange — red — purple — blue - green —» black. This is exactly the order of the complementary colour
of the «_:nlmu absorbed (Table 3.1). Thus. when we say, that the colour of onc compound is decper than the
other, it simply mcauns, that the wavclength of maximum absorption of the former is longer than that of the

latter. :SIIIEE visible colour is the complementary colour of the absorbed band. bathochronue groups cause
red shift while hypsochromic groups cause blue shiff etc.

?. Modern theories or Electronic theory of colour, Two electronic theorics have been proposed to
cxplain 1h_c origin of colour. These are Falence Bond (V:B.) Theory and Molecular Orbital (A 0. ) Theory.
Tl}e most important difference between V.B. and M.O. theorics is that in the V8. theory, electrons are dealt
with in pairs but in M.O. theory they can be dealt with singly.

O] \.’. ence hond theory. According to V.B. theory, the clectron pairs of a molecule in the ground
stale are in a state of oscillation and when placed in the path of a beam of light. they absorb a photon of
appropriate energy and gel excited. The wavelength of photon of light absorbed depends upon the energy

difference between the ground and the excited statc. The smaller is this difference, longer is the wavelength
of light absorbed.

To illustrate V.B. theory of colour. let us first consider a molecule of ethylenc which may be regarded
as resonance hybrid of the following two structures (I and 1)

CH,=CH; «——> CH,—CH3
1 n
Tn a first approximation, ground state is represented predominantly by structure (1) while excited
state is represented by structure (II). The energy difference between these two states is very large and hence
a photon of short wavelength is absorbed.
In general, it has been shown that

(i) Resonance among charged structures lowers the energy of both the ground as well ax the excited
states.

(i) Charged structures, however, stabilize the excited state more than they do the ground state.

(iii) Larger the number of electrons involved in resonance, smaller is the energy difference beiween
the ground and the excifed states.

From the above discussion, it follows that mare extended the conjugation 1n a molecule, greater is the
contribution of charged structures, smaller is the energy difference benveen the ground and the excited
states, and hence longer is the wavelength of abserpnon. When this wavelength of absorprion is long
enough to lie in the visible region, we observe colour. For example,

CH, = CH, CH, = CH—CH = CH, CH, = CH—CH = CH—CH = CH,
Ethylene (Celourkess) 1. 3-Butadiene (Colonrless) 1. 3, 5-Hexamenc (Colouriess)
My 175 000 Ay 217 nm N 258 nm

1 3 3 x 9 10
CH = CH—CH = CH—CH = CH—CH = CH—C= CH—@
1. 10-Diphenyl-1. 3. 5, 7. 9-decapentuene (orarge) )., 424 nm

1t may, however, be remembered that the colour of the compound is actually the complementary
colour of the light absorbed.
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Caonsequently, the wavelength of light absorbed becomes longer and when this wavelength lies in the

visible region, the compound appears © loured. For examp
Nil, NO; i
Colourdess Colourless Colourless Pure vellow
204 nm 230 um 270 nm 175 nm

Steric effects and colour. We know that resonance is maximum w hen the system is completely or
almost completely plamar If duc to steric hindrance, 1esonance 1s inhibited, the depth of colour will diminish
or the componnd may even become colourless.

(1) Moleeular Orbital theory. According to M.O. theory, whenever a molecule absorbs a photen of
light one clectron is iransferred from bonding (or non-honding) orbital to an antt-honding orbital Depending
upon the fypes of clectrons present in a molecule, difTerent types of electranic transitions arc possible. A
transition 1 which a bonding -clectron 1s excited 1o an antibonding a-orbital is called m-a* transition. In
the same wan, 2=1* represents the transinon of a bonding r-clectron to an anti-bonding xe-orthial. A n-=*
transition represents the transition of one electron of a fane pair ¢ ¢ non-bonding pair of clectrons, to an
antibonding x*-arbital (as shown in Fig, 10,1} This type of transiion occurs i molecules contaming,
double bonds mvolving hetero-atoms, cg)C =0, )(‘ =8, )(‘ = N— ctc_and may be represented as

follow
e (R ol
@ @ ANTIBONDING
x* X
5 B 0
g .
] a-a oz’ oz -1 | oo
: 0
» gn NON-BONDING
Q0.
@ ‘:l BONDING
&
(Eaym
FIGURE 10.1. Electronic transitions in molecules.
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0-0* > 01" > n-0*> pg* > -zt
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Further more n—n+
colour. Further, ag
and ultimately 10

;M TH i
s only m-a* and n-n* transitions lie in the ordinary UV region (200406 gan)
Siions are much more intense than n-n* transitions and hence
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e visible sicn duc to m—n* ransitions gets shifled to longer wav clengthy

et and hence is responsible for colour as explained below
hc\ Mene, there are two types of transitions, 1.e., 5—o*
il absorbs at 175 nm (e = S000)*. Since this band also
etihvlene is colourless, Butadiene has
has shifted the band to lon, ger wavelel
Increased Thus may be explamed

and n—rn*. The longest wavelength band. 1 »
lies in the far ultraviolet region, thercfore.
lm_“ at 217 nm (€ = 21000) due to "—n* transition. Thus. conjugation
ngth (but still not into the visible region) and the intensity has greatly
as follows : i

A double bond consists of twa n-MOs—o i
3 ne bondi: d i i W
e e A bonding and the other antibonding. But when two double

our MOs are formed—two of these i.e. 7, and
gt -e. 7 and r, are bonding and are
occupred by a pair of electrons cach while the other two are antibonding i.e. n,'.?md m,* as shown in

—-R*

Fig. 10.2 :
o
.» i ;
. ,J" e, {
Fr—_ S v -
~. N e L ¢
k‘\ 4"
1 =y (LUMO) §
175nm 21Tnm 175nm
JESREEEE _(HOMO)
P T
- =
CHg = CHy s o™ CHy = CHy
™
CHy=CH-CH=CH,
FIGURE 10.2. Mulecular orbitls of 1. 3-butadiene.

Thus, it is clear that the cnergy of highest occupicd molecular orbital (HOMQ), i.e. 1y increases while
that of the lowest unoccupied molecular orbital (LUMO), i e., n;* decreascs. As a result. the energy levels
involved in n-n* (ransition now come closer and hence lesser amount of energy is needed In other words.
the energy gap between 7, and m,* orbitals in 1, 3-butadiene is much lower than in (he corresponding
cnergy gap in m and m* orbitals in cthylene and hence 1. 3-butadicne absorbs at a longer wavelength
(217 nm) than cthylene (175 nm) Further. since the energy levels come closer. their interaction in the
excited state increascs and hience €, also goes up. |

In a similar way, we can show that when three double bonds are brought into conjugation the energy :
gap between the HOMO and LUMO becomes still smaller (as shown by arrows in Fig 10 3) and wavelength :

T = mcans molar absorptivity. Higher the e-value, more intense is the absorption

SYNTHETIC DYES J

Scanned with CamScanner



of m—m* ubsorption band 1ncreascs, and

when it reaches the visible region,
colour (complementany ) w il ;lpncurm LS P
the compound. For cxample, in the LUMO L——UMD
polyenes. CH(CH = CH),CHy. whenf b N A C 2
n = 6, the absarphion band occurs 10| & A | E— | S ﬁz
the blue region and so the compound| Z el oMo
is vellow (complementary colour) T
Similarly. [i-carotenc (an orange fore _—
pigment of carrots) absorbs in the = S

greenish blue region (Foyy 78 0M, €
=139,000) and 422 nm. € = 122, 000)
and hence las orange colour

Now let us coasider benzene. It
absorbs at 254 nm and 1s. therefore,
colourless Similarly, naphthalene and
anthracenc are colourless. As the number of fused rings increases, the position of absorption nppro:lchgs
the visible region. Thus. naphthacene with four linearly fuscd rings absorbs in the blue region and hence is
yellow while pentacene which absorbs orange fight 15 bine (complementary colour)

Q COOE©

Benzene Napthalene
254nm 27%nm

max <

ETHYLENE BUTADIENE HEXATRIENE OCTATETRAENE
A% NN INININIE

FIGURE 1;}. As conjugution increases, the energy gap between HHOMO

and LUMO decrenses and absorption shills to longer wavelengths.

Unlhracene
L 3750m
L i

Nupthracene (veliow)
Yoy AT4nm

QU000

Pentucene  (hlue)

Amny 380nm

Y
Cuolourless

DYES

-dve iy a coluured substance, which can be applied in solution or dispersion to a substance such as

textile fibres (cotion, wool, silk, polyester, uvlon) paper. leather, Aair; fur. plastic material, wax, a cosmelic
base, grving 1t a eolonred appearance.

Conditions which a dye must satisfy. A substance can be uscd as a d

. ye for the textiles only if it
satisfies the following conditions

(1) It must have a suitable colour

(1) Itmwst be able 1o fix itself or capable of being fixed to the fabric from the solution.

(t4) When fixed, it must be fast to Ij

ght. resistant to the action of water, soap, detergents etc. during
washing or to the organic solvenis during

dry cleaning etc.
1031 NOMENCLATURE
————— " “RCLATURE

The chemical nime i .
NP III el of dves are very complicated and hence trade names are miore popular. These
" tefude one or more alphabetical letters and a nuber. 1Whereas the number indicates the

shade. alphabetical leiter s refer to the colour For example. G for yellow (German : gelb = vellow), R for

A

e

|

red (German, rof= red). Sometimes

alphabets may also refer to some specific propertics. For example. WE
for fast to w.

ashing (German = was checht). Sometimes the letter also stands for intensity of colour. For
cxample. 6 B stands for deep purple (closc 1o blue) but sometimes these letters may have entirely different
meanings. For example, Alizarin blue D, here D stands for direct which means it is dircct dye for cotton
704 CLASSIFICATION OF DYES

Dyes may be classified into a number ways as discussed below :

1. Natural and Synthetic Dyes. Since early times, man has been trying to extract dycs from the plants
for using them to beautify his clothes. Such dycs are known as natural dyes. Two examples of natural dyes
known since carly times are indigo (a blue dyc) and alizarin (a red dyc). India has been the main producer
and exporter of indigo. However. natural dyes have only limited shades. Hence, now a days, most of the
dyes used are the synthetic dyes which can have a varicly of shades. Most of these dyes are aromatic
compounds obtained from coal-tar. Hence these arc also called coal-tar dyes.

11. CI. cation of Dyes hased on their Constitution (Chemical elassification). In this system,
dyes are classified on the basis of chiemical constitution or the functional group to which the dyes owe their
colour. Some important clusses are : azo dves, nitvo dves, nitroso dyes, triphenymethane dyes, anthraquinone
dves, indigoid dves, phihalein dyves, acridine dve efc.

ITL Class ion of Dyes based on their Application. The application of a dye on a particular fibre
depends on the nature of both the fibre and the dye. There arc four diffcrent ways in which a dye molecule
may be attached to the fibre : through (i) covalent bonds ; (ii) hydrogen bonds . (iii) ionic bonds ; (iv) van

der Waals forces. Based upon (he methods of application, dyes have been classified into the following
catcgorics ;

(i) Acid dyes. The sodium salts of azo dves containing sulphonic acid (—SO [ and carboxylic acid
(—CO,H) groups are called acid dyes. These dyes are applicd to the fabric from their acid solutions and
are used to dye wool, silk. nylon and polyurethane fibres. The aflinity of acid dyes for nylon is higher than
that for other types since polycaprolactam fibres contain a higher proportion of frce amino groups. These
do not have affinity for colton and hence cannot be used to dye cotton. Typical examples of acid dyes are
orange-1, orange-11. methyl orange and congo red.

Orange-l is a versatile dyc prepared by coupling diazotised sulphanilic acid with pht
Na* -0;5—@—&&1«4& i @ ol
Diuzotised sulphanilic ucid
sod, sult
a-Naphthol
= Na* - OJS@N=N @ OH
Ornunge-1 @

The dye orange-Il is similarly obtained by coupling diazotised sulphanilic acid with - naphthol.

OH OH
v =
Na' ‘OJS_@—NENCI‘ * @ e Na 035—©—N=N @
Diazotised sulphanilic nerd @ Onnge-11 @

sod. sult
= B-Nanhthol —
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o red will be discussed later in this unit

bases containing Amino proups (—NH, or —
acid solution, these amino
anionic sites present on the fabrics and thus get
dyed with these dyes, Some comimon
and malachite preen (discnssed later

Aructure and chenuistry of methy | orange and con
asic dyes. These dyes are the salts of ll\c‘cnlmm:(l s
e aivochromes These include azo and triphenylmethane dyes. In

fn water soluble cations which then react with .
m Modificd or remforeed nylons and polyesters can be
are anthne yellow, butier yellow, chrysodine G

©>, N - N_@—mh

Aniline yellow

|
1
@-N . N-@—N(Cll,h !

Butter yellow

NI,

@—N - N-@*Nll:

Chrysodine G

o thel
of thus class
1t)

wysodine Gis an orange dye andas obtained by couphng benzenediazonium chloride (1 mole) with
viencdiamine. 1t is generally used to dye silk, woal, cotton, leather and paper.

) Direct or s

ich can be directly applied to the fabric from an aqueous solution. These are most suitable for

vhich can form hydrogen bonds with the dyes. Thus, these are usually used for dycing cotton, woal,

on and nyvlon. Congo red and martius yellow are the two well known examples of this class of dyes.
OH

Qo™

NO,

) Martius vellow
 Disperse dyes. These are water insoluble dyes and are applied to the fabric in form of-
tely divided dye in 4 soap solution in the presence of some stabilizin
1c acid. These dyes are used to dye synthetic fibres such

a dispersion
£ agent such as phenol, cresol
as nylons, polyesters and polyacrylonitrile

se dyes belong to the class of anthraquinone dyves and are suits i i
‘ ! anthra ves and ¢ table for dycing synth yami
tportant examples of disperse dyes (anthraquinone dyes) are : S

elliton fast pink B and (1) Celliton fast blue B

. O NH O NHCH;
| O oH O NHCH;

-Aminn—4{- G
fl(“(-/];;‘ n:r"l\‘\m!ll;ruqlmh-m: La-Diimethvlaming) unthraquinone
st punk 1f) (Celliton fast blue By

T m—

antive dyes. These are water soluble dyes. As the name suggests, these are those ’

(V) Fibre reactive dyey,

These nre thos Yhich contain a reactive group which combines directly
with the hydroxyl or th AN CEM WMl aoain ; Fop

BRIER Tl ¢ amino group of the fibre. Becanse of the formation of permanent chemical bonds
en the fibre and the dye, the colour of the dyed fabric is fast and has a long life. Cotton, wool o silk

Clllll be dyed With this type of dyes. Dyes which nre derivatives of 2, 4-dichloro-1, 3, S-trlazine are impartant
examples of fibre renctive dyes.

N O—Fibre
Fibe—OIl + Cl— N U,  Fibre— N
Q \_¢
Dye Dye

(v} Ingrain dyes or insoluble azodyes. These constitute about 60% of the total dyes used. These arc
ob}nmcd‘ by coupling of phenols, naphthols, arylamines, aminaphenols adsorbed on the surface of n fabric
with a diazonium sall, As there is only surface adsorption of the dye on the fabric, the colour is not fast
These dyes can be used to dye cellulosc, silk, polyester, nylon, palypropylene, polyurcthanes, polyacrylonitriles
and leather. An example of (his type of dye is para red.

oH OH

Oﬂ\l-@—ﬁNC]’ + Lt o;w@r::n @
@) ©)

p-Nitrobenzenediazonium chloride Piruied

[-Naphthol

Azodyes also find usc in foodstufls, cosmetics, drugs, biological stains such as indicators in chemical
analysis. However, because of their (oxic nature, these dyes arc no longer permitted to dye foodstufTs,

(vii) Vat dyes. Vat dyes are insoluble in water and hence cannot be used dircctly for dyeing. Therefore,
they are first reduced to a soluble colourless form (feuco form) in large vats with a reducing agent such as
an alkaline solution of sodium hydrosulphite. Under these alkaline conditions, the leucoform develops
affinity for cellulose fibres. Thercfore, these dyes are mainly used to dye cotton fibres.

ONa

Indigo or Endig?lin (Leuco form) '

The cotton fabric 10 be dyed in soaked in this alkaline solution and then oxidised to the insoluble
coloured form by exposure to air or by some oxidising agents such as chromic acid or perboric acid. A well
known example of vat dycs is indigo.

Indigosol O, on the other hand, is readily soluble in water. It has affinity for cellulose and can be
rapidly and quantitatively oxidised on the fibre with formation of indigo, It is especially suitable for woal

0SO;Na

e
SVNTHFTIC NYES
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(vlif) Mordant dyes. These dyes do nut_dye the fabric
directly but require a mordant. The mordant, in fact, acls as
the binding agent between the fibre and the dye. (Fig. 10.4). ) 1!
s, metal ions ar¢ used as mordants but for
basic dyes, tannic acid is used as the mordant. ’]"hcsc dyes arc
primarily uscd to dyc wool. The fabric to be dyed is first spaked
in the solution of a suitable metal salt (mordant) and the
soaked fabric is then dipped in the solution of the dyc when

For acid dye:

insoluble coloured complexes called lakes are formed on the ofi
fabric. In this way, the mcial ions first get attached to the
fabric and then the dye molecules arc linked to the metal ion e

through covalent and or coordinate bonds. The same dye can
give lakes of different colours depending upon the metal ion
uscd. For cxample, alizarin gives rose-red (turkey red) colour
with aluminium ions blue colonr with barium ions, brownish o

red with chromium ions, violet with magnesium and redwith|  FIGURE 10.4 Alizar.n-aluminium fibre
strontium ions. complex (rose red lake)

I??"EMISTRY OF SOME IMPORTANT DYES J

AZO DYES
Azo dycs constitute the largest class of synthetic dyes. Their chromophore is Ar, Le., aromatic system
joined to the azo (—N = N—) group and the common auxochromes are : NH,, NR,, OH etc.

The usual m_elhod of preparation of azo dyes involves direct coupling between a diazonium salt and a
phenol or an amine. The structures of azo dyes is elucidated by reduction with SnCI,/HCI or sodium

!ld_\'pGSur]pllflc (dithionite) when azo group is ruptured with the formation of primary amines which are then
identified.

A—N=-N—ar I Ar—NH, + H)N—Ar
Azo dye 1° Amines
msﬂ:zu d)’i_cls n'rt‘: classified ugmrdjng to }llc numbgr of azo groups %n the molecule, i.e. monoazo, disazo,
etc. They are also classified as basic (cationic) dyes, acid (anionic) dyes efc.
Two important azo dyes are described below :
10.5.1. Methyl Orange, Helianthin

Synthesi: i i i i :
¥nthesis. Mcthyl orange is obtained by coupling N, N-dimethylaniline with diazotised sulphanilic

*
wm35©—N =NCI- + @N(CHs)z NaOH
_ —NaCl,—Hz0
Sod. salt of NNt me I
Nao,s—@N - N@—N(CH,),

diazotised sulphanilic acid R line
Mecthyl orange o

Therefore, it tiot used as s silk but its colour fades on exposure to light and washing.
salurions (above le 4:5) "‘['h I‘:‘b“} is better used as an indicater in acid-base titrations. It is yellow in basic
@ le red in acidic solutions (below pH 3-1). The change in colour is attrihuted t0

b [P an AN S G TR TRV O L]

acid

Pruperties. It is an acid dye for wool and

change in the structure of the i i
S i the jon. In basic medi i i i
acidic medium, it contai . hes) d:‘um, the ion contains the azo chromophore while in the

Y cnr
(s

p-Quinonoid chromephore

(Basic medium)

(Acidic medium)
10.5.2. Congo Red. Congo red is an example of disazo dye, i.e., it contains two azo groups.
Synthesis, It is obtaincd by coupling tetrazotised benzidine (4, 4'-diaminodiphenyl) with two molecules

of naphthionic acid (4-aminonaph 1-sulphonic acid).
NH, NH;
H H
A +Cl Nem iIN= NCI- + g
S03-Nat Tetrazotised benzidine SO;Na
Naphthionic acid Naphthionic acid
(Sodium salf) _2HCI | Compaling (Sodiwm salt)

b0

505 Na* S0;"Na*
Congo red
Benzidine needed for the purpose may be prepared by rearr (called benzidine rearrang )
of hydrazob inp of acid. Hydrazob in turn, is prepared from nitrob by reducti
with Zo/NaOH
Zn/NaOH
O s OO
Nitrobenzene Hydrazobenzene
H*
_
(Berzidine rearrangementy HZNNHz
Benaidine

t dye and its sodium salt dyes coton a full red. However, it is not a good dye
hen the acid is added. Therefore, it is used as an indicator It is blue in acidic
in solutions (above piI 3). This change in colour from red to blue in acid

g charged canonical structures.

Properties. Itisa direc
because the colour changes W
solutions (below pH 3) and red
solutions is due to resonance amon,

e —
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7 TRIPHENYLMETHANE DYES

Triphensy Imethane dues are denvatives of tiphenyimethane containing -NH,, -NR; and -OH groups
rings The compounds so obtained are usually colourless and are clled leuco bases These upon
11t10n are converted into the corresponding colourless tertiary alcohols or carbinol bases These carbinol
s readily change from the calourless heazenoid forms to the coloured quinonoid forms in the presence
1ds due 1o salt formation These changes are summarised below *

Oudation Aad
Leuco-base m—————x= Carbinol base m—————= Dyc¢ (Quinonoid structurc)
(€ edowries) Peduction (Coldourless) Alkah (Coloured)

Some imponant tripheny Imethane dves are discussed below :

10461 MAILACHITE GREEN
The name malachite green is given to this dve because 1t has a deep blue green colour resembling that

{alachate-an ore of copper

Synthesis. It 15 prepared by condensing N, N-dimethylaniline (2 molecules) with benzaldehyde
clecule) at 173 K in presence of conc. H,SO,. The leuco-base so produced is oxidized with lead dioxide
).y in 3 solution of CH,COOH and HCI. The carbonol base <o produced reacts with excess of HCl to

o ;’""'n':.—(i :)——.\'tCH_ﬂ: /<;>_N(CHJ)z
\ H : 1,504 .
: - u

PO I [!@—N((‘fi;); \Q—N(CH;)Z

N K Dimetinlaniline Lenco-base
(2 pucdecules)

[T ORGANIC CHEMISTRY VOL. 1!

, 101 /Q_ Mtk '@ NcHy
o PR )
Fb0 CHLCOOT] @—- e @_ ;
Ho@_N(CHJ)Z 10" NICHy )

Carbinol base
+Cl- .
o % N(CH;),ClI-
N(CH3);
Malachite Green

Properties. Malachite green dyes wogi and silk directly and cotton mordanted with tanin.

10.6.2. CHR\'STA.L VIOLET

Synthesis. It is prepared by heating either N, N-dimethylaniline with carbonyl chloride (phosgene) or
by heating AMichler s ketone with dimethylaniline in presence of POCL,. In the first case, Michler's ketone
imitially formed condenses further with dimethylaniline to form crystal violet

(CH‘)JNH CI\ (CH,bN—Q\ /@pﬂ o
ot e C=0 =g P coct
(CH,)ZN—Q—H Cl (CH3)N
Phosgene

N, N-Inmethylaniline Michler's Ketone
(two molecules)

c~w®= R(CHy),
(CHyLN Ccl:H H

(CH;)zN_@\ .
c=©= N(CH3),Cl-+CO, + HC1

(CHa)N
idi ion of crystal violet is purple. a strongly acidic solution is errew and
ies. A weakly acidic solution 0 . prcien
il e tion, it s yalfow. Theso colour chasges mey bo Ex5ECgE (el

T s o

cunrrucTi~ NVES
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olet exists as the singly charged ion (D). In this structure, hio-
Iate in the horizontal direction. In strongly acidic solution. cr_\"st:ﬂ violet exists
< the whole unit of charge can ascillate in horizontal dlm;l;‘on (ﬂ:]c] vertical
d due to fixation of the lone pair by proton addition) and hence the col_our
o Lzg ther proton is addad 1o form the triply

rection of osaillatuon is hibr bl
= from purple to green. In very strongly acidu u (
1;5:‘,:3 |;n [Iil’l) "In this jon. only little resonance is possible and hence the colour lightens from green to

[low i
N(CHs) NH(CH3),

In weakly acidic solution. crystal vi

rds of the charge can 0sc1
doubly charged 1on (1I). Her

{CH,»;.\'—Q—C::@z&(CH,): (cH,hN—©—C=<i>=N(CH3)z

Singly charzed iom () Doubly ::_:rged ion (I1)
N + Freen
(Purple) NH(CH;)} (Greemn)

(CH;;):HS’—@" C=<:>’= N(CH3),

Trply charped ion am
(Yellow)
manufacture of inks. stamping pads and type-writing ribbons. It is

Uses. Crystal violet is used in the
gen ion concentration in solutions.

al<o used as an indicator for determining hydro;
:|0‘7' PHTHALEIN DYES
: These are obtained by condensing phenels with phthalic anhydride in the presence of certain dchydrating
agents such as conc. H,80,. ZnCl, or anhydrous oxalic acid.

10.7.1. PHENOLPHTHALEIN
Phenolphthalemn 1s a phthalein dye. It may also be regarded as a triphenylmethane derivative.

Synthesis. It 1s prepared by heating phthalic anhvdnde (1 molecule) with phenol (2 molecules)

presence of conc H,80,
o

in the

HO OH
vH H

Q

il. _~0 Conc. HyS04
| o |
co co

Phenolphthalein

Properties. Phenol ini
red sokitlon, Titis is du‘:]::l.:lhnlcm is nt?l adye. Itisinsoluble in water but dissolves in alkalics to form ¢
Structure. When cxcess of 3 funnal_u!n of disodium salt which undergoes resonance and has
due 10 o8s of a1 £1r0nE alkali is added, the solution of phenolphthalein beco P <
quinonoid structure and resonance as shown beln\:' c G >

HO o 2! )
o QO

“OH

—
| [Ty
(§¢] COy
Phenalphthalein Red Ee o
(Colourless)
i C
OH ~SOH
S =
€O,
(Colourless)

Uses. Because of the colour changes shown above, phenolphthalein is used as an indicator in acic
base titrations. It is also a powerful laxative.

10.7.2. FLUORESCEIN
1 is a xanthen derivative. In preparation and properties it more closely resembles phihalein dyes.

Synthesis. It is prepared by heating phthalic anhydride (1 molecule) with resorcinol (two molecule:

at 473 K or at 383-393 K with anhydrous oxalic acid.
I

Anhyd. oxahe acid

383-393K
(-2H:0)

Fluorescein (1)

Phihalic anhydnds
wder insoluble in water.
fore non-quinoneid uncharged structure (

Since it is coloured. there 1 is notsaisfactory To ccount e
the m;";uur two quincmoid structurcs are possible 10 which 1_he conjugation is totally different, one
having lhcp-q.uinonaid structure (1D and the other the o~quinonoid structure (1IN,

i S —
SYNTHETIC DYES
SYNIMER

Properties. [Lisa red po
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3
HO. o : 0 HO Q OH
O A ‘ O # O
l CO,H O CO;
an (1 5
1 which, on dilution, gives a strong

1 dissolves in alkalies to give a reddish brown solutior

Fluorescei i
o formation of anion (IV)

vellowish green fluorescence duc t

H Hv—
~o o) o) Na OH O O o
_———
T 1099
C

™0
é—ie ércoz‘ Na*

Fluorescein Yellowish green fluorescein (1V)
The sodium salt of fluorescein is known as Uranine and dyes wool and silk ycllow from an acid bath.

"he colours are, however. fugitive.

EOSIN is tetrabromofluorescein and is obtained by the action of bromine on fluorescein in glacial

cetic acid solution.
Br Br
2Bry
s i LIPS i
CH3COO0H 4
Fluorescein Eosin (V)
Since Eosin is a red powder, so its structure cannot be (V). It may be (VI) or (VII)
Br Br
+
HO Q OH
Br C = ‘ Br
Coy
Eosin (V1) Eosin (VII)

Eosin dyes wi i
ool and si i [0 ke
d silk purc red with a yellow fluorescence in casc of silk. Eosin in form of lead Ia

called Vermition, is T
elle inti Eo:
Is uscd for poster printing. Most of the red inks arc dilute solutions of Eosin.

Alizarin is one of th .
P . IC most important an) ] i oy
in form of its glucoside call ; mﬁl:”hy”_ :ijlr,'umwd dye. [t occurs in madder root (Fr. Alizari, madder)
H or Enyzyme

CoHy0yy  + 2H,0
( Hydrolysisy

p Ruberthyric acid
VA tf)}ﬂh;mmis 1, 2-dihydroxy #Fanthraquinone
ltr:‘cture. The structure of Alizarin has been deduced as follows :
. lysis and molecul; i
slizarin is C, .0, lysis an weight deter have shown that the molecular formula of
2. On reduction with zinc d izarin gi is impli
B iy ust at 673K, alizarin gives anthracene, This implies that alizarin is a
3. With acetic anhydride, alizari i i
B ol ydride, alizarin forms a diacetate thereby suggesting that alizarin contains fwo
it 504. ;:.E;;:;n;l cTai:llsh: hl;::faﬂl?i, cur}dcnsing phthalic anhydride with catechol in presence of conc.
,50, e zarin in a dihydroxy derivativi i in whi :
e iyt Kl ydroxy derivative of anthraquinone in which bath the

C4Hy0,(0H); + 2C;H,04

Alizarin Glucose

Q H OH-

J! OH

X @: \o ¥ %0
o

| Catechol

O
Phthalic anhydride Alizarin
(1, 2-Dihydroxy anthaquinone)

On the basis of the above condensation reaction, the following two structures (1 and IT) are possibe for

alizarin

isomeric mononitro derivatives, both of which on oxidation give
rivatives, NO, group is present in the same ring
has two different positions available for npitration.
derivatives (11T and IV). Structure (IT). on the other hand. can give

acant positious are equivalent.

gives two :
phthalic acid. This suggests that in b_mh these nitrode
Since structure (1)

5. Alizarin on nitration

which contains the hydroxy groups.
therefore, it can give W0 dnife:‘am nitro g
only one nitro derivative (V) since {he two

_—
cuvrrrueTie NYES
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Since structure (1) can explain the furmn‘linn of two

structure of alizarin is (I), i.e., it is 1, 2-dilydroxyant
dihydroxyanthraguinoe.

Manufacture, It is manufactured by s h

at 413 K and fusing the sodium salt of product, i.e. anthraquin

different nitro derivatives, therefore, L_he actual
hraquinone and not structure (1), i.e.1 25 3-

i i i i Iphuric acid (oleum)
Iphonating anthraquinone with fuming su cw
S one-2-sulphonic acid with NaOH, containing

intity of sodium or potassium chlorate at 453-473 K under pressure. Acidification of the

3 cakulater i sodium or potassium chlorate is to provide oxygen for

product with dil. HCI gives alizarin. The function of
the oxidation of C;-H into C;-OH.

Ceci N CecLicscg

Anthraquinone Anthraquinone-2-sulphonic acid

6] ONa
ONu
NaOH/NaClO;, fuse Dil HCL
—_—_— —_
453-473K, under pressure
O

(-Na,805)

Anthraquinonc needed for the purpose can be prepared from benzene and phthatic anhydride as follows :

if i i
\O - Anhyd. AICI3 Cone. }]2504
v (Friedel~Crafis -H,0
acylation) C -
B o” “oH
(6]

Phihalic anhydride o-Benzoylbenzoic acid Anthraquinone

Properties. 1. Alizarin forms rub y red erystals m.p. 563 K. 1t is Insoluble in water and alcohol but

issolves is alkalies 1o from puple solution. It sublimes on heating..

; 2. “»"5 a mordant dye, and the colour of the lake depends on the metal used. Aluminium gives a red
ke (Turkey red), ferric salts give violet-black while chromium salts form brovn-violet lake. Aluminium

™ —

STV e g g e e v S

s
S

and iron lakes are usually employed for cotton dyeing and printing while aluminium and chromium Lake
are used for wood dyeing.

3. Orxidation. On oxidaton with MnO, and H,S0,, it gives purpurin

'

(o] OH
OH
@ @ MnOJH,50,
) _
(Oxidation)
!
Alizanin Purpurin
" 4. Reduction. On reduction with zinc dust and NH,OH, it forms anthrarobin.
OH OH
OH
ZwNH,0H @@@ .
————
(Reduction)
Anthrarobin i
Alizarin
. Alizarin is used as a mordant dye and also as a purgative

INDIGO'
India is the birth place of indigo, its official name being indigotin, It is the oldest vat dye known.
Egyptian mummy clothes, 5000 years old, were dyed with it. It occurs as indican which is the glucoside of

-
@\—/"—0— CH(CHOH);CH—CH,OH
F{ Indican

indoxyl in Indian plant, indigofera tinctoria and the European plant, isatis tinctoria. The indican on
hydrolysis with either HCI or enzymes gives indoxyl which upon areial oxidation gives indigotin.

B Dil. HCI
Indican
orEntymes + Glucose
N
H
Indoxyl
2 (0)
—_—
Aetial oxidation
N
H
Indoxyl Indiga or Indigotin
\ sy T P —r—r ) 4 At i
'"SYNTHETIC DYES. R =y o i ;73
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s been deduced as follows :

f indigo ha .
Structure, The strucure 0 £ 1t determination have shown that the molecular formula of

1. Elemental analysis and malecular weigl

indigo is CgH 02Ny : W apes
2. Fusion of indigo at low temperaturcs produces anthranilic acid.
COOH

CiaH 002N JuOB, Pueo , @:
Indigo NHZ

This suggests that indigo contains one ortho substituted benzene ring, in which onc position1s attached

to a carbon atom while the other is linked to nitrogen atom.
3. Oxidation of indigo with HNQ; yields two molecules ol
two identical nnits joined together, and that cach unit on oxidaton pro

£ isatin. This suggests that indigo contains
duces a molecule of isatin.

0
Cy6H1g02MNz H]El(:

Indigo

Isatin

The structure of isatin has been confirmed by its synthesis as sketched below :

cocl vy
@ NaCN oN o ~~coon
NO Hydrolysis
2 NO, NO,

w-Nitrobenzoy! chloride

0 0
FeSO/NI; (IJ Il
Weduction) @ “NCooH —A— @ i
-H0 C=0
NH, N
H

Isatin

4. On the basis of tl isati i .
diotin ic basis of the structure of isatin, the following three structures (I, I and ITI) are possible for

oLt 0

|
B
|
|

i
‘SYNTHETIC DYES!

S. Indigotin on treatment with dilute alkali yields anthranilic acid and indoxyl-2-aldehyde.

_~COOH . OH

CgH 0Ny ——— + .

Indigotin N-
NH, CHO

Anthanilic acid H

Indoxyl-2-aldchyde

Fonna!ifm of indoxyl-2-aldelyde suggests that the two identical units in indigotin are connected
through position-2 of indoxyl moiety while position-3 carries an oxygen containing functional group. These

arguments suggest that most probable structure of indigotin is I.
Further X-ray analysis has revealed that indigotin has the more stable frans-configuration.

eis-Indigotin

frans-Indigotin
(stabilized by H-bonding)

This structure has been confirmed by the following three syntheses :

1. Heumann’s First indigo synthesis (1890). Condensation of anline with chloreacetic acid produces.
N-phenylglycine. This upon fusion with NaOH and NaNH, at 523 K gives indoxyl which upon subsequent
oxidation by air gives indigotin.

: 5 )
H c#°
A NaOH-NaNH,
O+ oroscoon =i L, e,
—H Chloroacetic acid N{ :

N-Phenylglycine

Aniline
= ©
N
) i
H

Indoxyl i Indigotin

-

T—Z
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educed as follows -
ation have shown th

indi s been d
trucure of indigo - at the molecular formula of

Structure. The s :
weight determin:

1. Elemental analysis and molecular

indigo is CiH O,N,. i e hE
on o tuces produces anthranilic acid.

2. Fusion of indigo at low tempera
COCH
CmHlL‘IOZNZ .NnOH, Fuse
Indigo N H2

This suggests that indigo contains one orthe substituted benzene ring, in which one position is attached

{0 a carbon atom while {he other is linked to nitrogen atom.

3, Oxidation of indigo with HNO; yields two molecules of isatit
{wo identical units joined together, and that each unit on oxidaton produces a molecul

1. This suggests that indigo contains
¢ of isatin.

0)

Cy¢H 05N
16 IUIZ 2 —Was—-’ 0
Indiga N
H

Isatin

The structure of isatin has been confirmed by its synthesis as sketched below :

‘ 0
cocl H\ L
NaCN coN 10 COOH
NO Hydvolysis
2 NO, NO,

o-Nitmbenzoyl chloride

0
FeSO¢/NIly JI Il
e C C
(Reduction) \COO u A \
1,0 =0
NH, Cal
Isatin

4. On the basis of the struct isati ing
s structure of isatin, the following three structures (L, IT and III) are possible for

O 0

111
5. Indigotin on treatment with dilute alkali yields anthranilic acid and indoxyl-2-aldehyde.

. COOH OH
CyH1ONz — +
N
H CHO

Indigotin
s
nthranilic acid Indoxyl-2-aldehyde
nits in indigotin are connected
ining functional group. These

anna!.i_on of indoxyl-2-aldchyde suggests that the two identical u:
through position-2 of indoxyl moiety while position-3 carries an oxygen conta
arguments suggest that most probable structure of indigotin is 1.

Further X-ray analysis has revealed that indigotin has the more stable trans-configuration.

srans-Indigotin cis-Indigotin
(stabilized by H-bonding)
This structure has been confirmed by the following three syntheses :
is (1890). Cond ion of anline with chloroacetic acid produces.

1. Henmann’s Firstindigo sy 9
N-phenylglycine. This upon fusion with NaOH and NaNH, at 523 K gives indoxyl which upon subsequent

oxidation by air gives indigotin.

: 0
0]
H ” ,
g A 4 NaOH-NaNH
@( R g l‘Hz SBKH0)
N—H Chloroacstic acid N { 3 2
I!I N-Phenylglycine
Aniline 0
ML by
| N g
|
H
Indoxyl
e ————
SYNT! HETIC.DYES -
e ——————— o’
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as used which is described

; o T .
The overall yield of indigotin 15 ; I
Toimprove theyiclda modified method of preparation of N-phen}
below : | _—
H 68 NuaCN
H Natso; N Ao CgHsNH, &3 —_ﬁ—’
Je-o 5, 333K g/ S 50;Na 250,
g aask u’ N\so,Na
s By NHCeHs H,0.34K, 0y N1CH,COOH
H/C\CN (iivdml’y.vrs) N Phenylglycine
igo sy i + involves the condensation of anUyraniQic acid
2. Heumann'’s Sccond Indigo synthesis (1896). This l:‘:ci‘d o ey KOH!NHNHZ

rm N-phenylglycine-o-carboxyli

h subsequently undergocs dicarboxylation to form Indoxyl. Aerial oxidation

with chloroacetic acid to fo_
produces indoxylic acid \\'h_lc ;
of indoxy! finally gives indigotin

i L
C—OH L Cg KOH/NaNH, | A
@: + CI-CH,-COOH i CRp—E0 4 . 40
N—H Chloroacctic N/
| acid |
M H
Anthranilic acid
H o]
\ Decarboxylation 61
E@(&COOH —o, (erial oxidation)
N N
] |
H H
Indoxylic acid Indoxyl
(unstable) . i IiI
N

i
H

Indigotin

(iii) From aniline and cthylenc oxide (1943). Anline on treat i
( : N ment with ethyl i .
phenyl ﬂ-hydro.\j-e_:lhylannne (I) and this upon fusion with a mixture of NaOWKyocl;lc;):'?ge f(;n;s tl;lle
cnlrres'pcn;thu‘gi sodium (and ppaassium) alkoxide (I1). When this sodium salt is heated with sqdam?d‘; and a
zll,m’urco sodium and p?lasilm:n hydroxides at 473 K, the N-sodio derivative (I) is produced. This is then
ydrogenated on heating rapidly to 573 K, and on rapid cooling to 578 pocki b

odi! i i . K, ring clos
odium salt of indoxyl (IV). This upon treatment with water and oxidation : g Bopa () Tovcs

by air ives indigotin,

NaOL/KOH
aT3K

- QL :
,
1 NH, C{—BCHZ

e | Amline Ethylene oxide

@\ EH10_N3+
H
N

) CH,0H
~—ok
2
N

|

H
N-Phenyl-B-hydroxyethylamine (1)
CH,0 Na*

|
‘NaOTV/KOH, NaNH, @\N //LH2

l 473K Na*+
H (1)
an
(Ii}{cr"Na” Na"
Heat rapidly ©\ /CH Cool mpidly
o STIK (-Hyp) N7 to SIRK
« Na (Ring closure)} )
& H
Sod. salt of indoxyl
o] (0] T
H0 | ke Sty
Acrial oxidation © = ©
N
i H
Tndoxyl (IV) Indigotin s

It may be noted that synthetic indigo is much cheapter than natural indigo. In fact, synthetic indig
has virtually wiped out the indigo plantation so popular at one time in India.

water and most-organic solvents.
2, When a paste of indigotin is agitated with alkali dinm hyposulphi
indigotin is reduced to the soluble leuco compound, called indigotin white.

Indigotin white
(leuco compound, soluble in H;0)

Scanned with CamScanner

Properties. 1. Indigotin is a dark blue powder, with coppered lustre, m.p. 663 K. It is insoluble i

in large vats, the insolubl



